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I n s t i t u t e  

I n  o r d e r  t o  unde r s t and  more f u l l y  t h e  o p e r a t i o n  o f  o u r  

magnetometer ,  i t  i s  n e c e s s a r y  t o  d e s c r i b e  i n  some d e t a i l  t h e  

c o n s t r u c t i o n  of t h e  s p e c t r o m e t e r  t o  which t h e  magnetometer i s  

a t t a c h e d .  The B a r t o l  s p e c t r o m e t e r  has been planned wi th  t h e  

view i n  mind t o  p r o v i d e  a comple t e ly  s e l f - c o n t a i n e d ,  m o b i l e ,  

high r e s o l u t i o n  s p e c t r o m e t e r  e q u i v a l e n t  i n  performance t o  s e v -  

e r a l  conven t iona l  coude s p e c t r o g r a p h  camera a s sembl i e s  wi th  a 

v a r i e t y  of s p e c t r a l  r e s o l u t i o n s  and wavelength coverages  

B r i e f l y  speak ing  t h e  des ign  g o a l s  have been t h e  f u l l  u t i l i z a -  

t i o n  of t h e  l i g h t  o f  s o l a r  s u r f a c e  f e a t u r e s  o r  s t e l l a r  images 

( d i a m e t e r s  2 " - 4 " )  anywhere i n  t h e  wavelength range 4000 t o  

12,000A wi th  s p e c t r a l  r e s o l u t i o n s  c o n t i n u o u s l y  v a r i a b l e  from 

10  t o  1 0  a n d  dual  channel p u l s e c o u n t i n g  f a c i l i t i e s .  

0 

3 6 

The in t eg l r a t ed  Fabry-Pero t  s p e c t r o m e t e r  which has  been 

developed a t  B a r t o l  t o  meet t h e s e  demands c o n s i s t s  of f o u r  s u b -  

a s s e m b l i e s :  a )  a Fab ry -Pe ro t  i n t e r f e r o m e t e r ,  b )  a p r e d i s p e r s -  

ing  e c h e l l e  s p e c t r o g r a p h ,  c )  a combined p r e s s u r e  chamber a n d  
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p r e s s u r e  c o n t r o l  s y s t e m g  d )  a dua l  channel  p u l s e  coun t ing  

system. 

The s e r v o - c o n t r o l l e d  Fabry-Pero t  i n t e r f e r o m e t e r  of  

Ramsay's d e s i g n  un ique ly  provides  t h e  r e q u i r e d  v e r s a t i l i t y  

i n  s p e c t r a l  r e s o l u t i o n  and wavelength coverage  w i t h  one and 

t h e  same i n s t r u m e n t .  Two p a i r s  of  i n t e r f e r o m e t e r  p l a t e s  cover  

t h e  s p e c t r a l  range  AA4000-12000 w i t h  an e f f e c t i v e  f i n e s s e  of 

30 ,  The p l a t e  s e p a r a t i o n s  can be v a r i e d  c o n t i n u o u s l y  from 

one t e n t h  t o  one hundred m i l l i m e t e r s  and t h e  p l a t e s  a r e  main- 

t a i n e d  p a r a l l e l  t o  A/80 by e l e c t r o n i c  s e r v o  c o n t r o l s .  The geo- 

m e t r i c a l  p l a t e  s e p a r a t i o n  i s  ma in ta ined  t o  an accu racy  of 10A 

a l s o  by s e r v o  c o n t r o l s .  

0 

The Fabry-Pero t  i n t e r f e r o m e t e r  n e c e s s i t a t e s  a p r e d i s -  

p e r s i n g  u n i t  t o  f i l t e r  o u t  a d j a c e n t  passbands .  To t h i s  end a 

Hilger-Engis monochromator (Model 600)  has been modi f ied  a t  

t h e  f a c t o r y  t o  pe rmi t  i n s t a l l a t i o n  of  a Bausch and Lomb e c h e l l e  

g r a t i n g  (300 l ines/mm, b l azed  a t  6 3 ' 2 6 ' ) .  T h i s  e l i m i n a t e s  t h e  

need f o r  g r a t i n g  changes i n  cove r ing  t h e  above broad wavelength 

i n t e r v a l .  Over lapping  o r d e r s  a r e  s e p a r a t e d  by s u i t a b l e  broad-  

band i n t e r f e r e n c e  f i l t e r s .  

The p r e s s u r e  chamber (cy1 i n d r i  c a l  w i t h  2 f e e t  d i  ameter  

and 4 f e e t  l e n g t h )  i s  mounted on  a heavy t a b l e ,  which r o l l s  

e a s i l y  b u t  can be f i r m l y  j acked  u p  from t h e  f l o o r  f o r  s t e a d y  

coup l ing  by l a s e r  means t o  a g iven  t e l e s c o p e  coud6 c o n f i g u r a -  

t i o n .  The i n s t a l l a t i o n  of remote c o n t r o l s  ( e x t e r n a l l y  on the  
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p r e s s u r e  chamber) f o r  t h e  p a r a l l e l i s m  ad jus tmen t  of t h e  i n t e r -  

f e r o m e t e r  p l a t e s  and t h e  t i l t  v a r i a t i o n s  o f  t h e  g r a t i n g  have 

been c a r r i e d  o u t .  T h i s  e l i m i n a t e s  t h e  need f o r  opening the  

p r e s s u r e  chamber eve ry  t ime r e a d j u s t m e n t s  of  t h e  p l a t e s  and 

changes t o  o t h e r  wavelengths  or s p e c t r a l  r e s o l u t i o n s  a r e  r e -  

q u i r e d .  A system of  6 e n t r a n c e  and e x i t  p i n h o l e s  ( 2 ,  0 . 4 ,  

0 . 2 ,  0 . 1 ,  0 .05  and 0 . 0 2 5  m m )  moveable by micrometer  screws 

have a l s o  been i n s t a l l e d  and a r e  remote ly  c o n t r o l l e d . ,  

The p r e s s u r e  g e n e r a t o r  and c o n t r o l l e r  has been a c q u i r e d  

from t h e  Texas Ins t rumen t  Co. I t s  unique p r e c i s i o n  i n  c o n t r o l  

and s e t t i n g  ( t o  a few hundredths  o f  a mm H g )  e n a b l e s  one t o  

use f r e o n  gas w i t h  f i v e  times more s e n s i t i v e  v a r i a t i o n s  i n  

t h e  index  of r e f r a c t i o n  t o  p r e s s u r e  v a r i a t i o n s  than  a i r ,  which 

has been most commonly used i n  a s t ronomica l  a p p l i c a t i o n s .  The 

p r e s s u r e  chamber has been des igned  f o r  p r e s s u r e  scann ing  over  

4 a tmosphe res ,  which y i e l d s  i n  t h e  v i s u a l  a s p e c t r a l  s can  w i d t h  

of about  20 Angstrb'ms. The s e r v o - c o n t r o l l e d  p r e s s u r e  g e n e r a t o r  

does no t  i n v o l v e  cont inuous  l eakage  b u t  e n a b l e s  one t o  remain 

a t  a g iven  p r e s s u r e  l e v e l  and p u l s e  count  t o  t h e  r e q u i r e d  p re -  

c i s i o n .  A t  t he  NaD-line a p r e s s u r e  change of 0 .1  inch  Hg moves 

t h e  s p e c t r o m e t e r  passband 0.02A.  
0 

Pulse c o u n t i n g  f a c i l i t i e s  have been developed f o r  count -  

i n g  a t  low l i g h t  l e v e l s  (10-100 coun t s  pe r  s e c o n d ) .  The EM19529 

p h o t o m u l t i p l i e r  t u b e  r e c o r d s  t h e  i n t e n s i t y  o f  t h e  l i n e  e lement  

under c o n s i d e r a t i o n  a n d  i s  d r y - i c e  coo led .  The e c h e l l e  spec-  
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t r o g r a p h ,  by t h e  use of a beam s p l i t t e r ,  pe rmi t s  one t o  mon- 

i t o r  a 50A wide continuum s t r i p  i n s i d e  the p r e s s u r e  chamber 
0 

w h i l e  having i t  c e n t e r e d  on the l i n e  f e a t u r e  wherever i n  t h e  

spectrum one may wish t o  o p e r a t e .  This second channel s e r v e s  

a s  a s u n s p o t  g u i d i n g  mog i to r ,  A t h i r d  broadband channel  o u t -  

s i d e  t h e  e n t r a n c e  p i n h o l e s  i s  u t i l i z e d  f o r  t h e  mon i to r ing  o f  

t r a n s p a r e n c y  changes.  

The Bar to l  magnetometer i s  a one s l i t  system which has  

t h e  advantage  o f  s i m p l i c i t y  and r educes  the  d i f f i c u l t y  o f  t h e  

“Doppler  e r r o r ’ ’  i n  m u l t i - s l i t - s y s t e m s .  The p e n a l t y  f o r  t h i s  

c h o i c e  o f  system l i e s  i n  t h e  problem of  e l i m i n a t i n g  t h e  i n -  

s t r u m e n t a l  p o l a r i z a t i o n ,  which however seems p o s s i b l e  t o  over -  

come i n  s imp le  m i r r o r - l e n s  s y s t e m s ,  

Fur thermore ,  the  doub le - s l  i t  method only  e l i m i n a t e s  

c i r c u l a r  p o l a r i z a t i o n .  I f  t h e  l i n e a r  p o l a r i z a t i o n  component 

i s  t o  be measured,  e l i m i n a t i o n  t e c h n i q u e s  s i m i l a r  t o  t h o s e  f o r  

t h e  o n e - s l i t - s y s t e m  have a l s o  t o  be employed, which can be 

achieved  e i t h e r  th rough a phase compensator or by a d i r e c t  

measurement of t h e  i n s t r u m e n t a l  l i n e a r  p o l a r i z a t i o n .  S i n c e  

t h e  Bar to l  system uses  a 15- inch  s s ’ d e r o s t a t  (diaphragmed down 

t o  4 i n c h e s )  w l ’ t h  a s i n g l e  p l ane  m i r r o r  f e e d i n g  t h e  o b j e c t i v e  

l e n s - d o u b l e t ,  t h e  i n s t r u m e n t a l  pol a r l ’ z a t t o n  c h a r a c t e r i s t i c s  

a r e  r a t h e r  s i m p l e r  t han  i n  t h e  m u l t i - m i r r o r  systems of  tower 

t e l e s c o p e s  o r  conven t iona l  s t e l l a r  c o u d 6 - c o n f i g u r a t i o n s .  
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An unusual advantage  o f  t h e  p r e s e n t  s p e c t r o m e t e r ,  

which has o v e r r i d i n g l y  d i c t a t e d  t h e  cho ice  of a s i n g l e  s l i t -  

sys tem,  i s  t h e  c a p a b i l i t y  i t  gives  f o r  p r e s s u r e  scann ing  

through t h e  e n t i r e  p r o f i l e s  of a l l  t h e  Zeeman components, 

This w i l l  y i e l d  i n f o r m a t i o n  on t h e  v a r i a t i o n  o f  t h e  magnet ic  

f i e l d  w i t h  o p t i c a l  d e p t h ,  f o e .  t h e  magnet ic  f i e l d  g r a d i e n t s ,  

which a r e  so i m p o r t a n t  f o r  t h e  c o n s t r u c t i o n  of r e a l i s t i c  s p o t  

models.  T h i s  i s  very  d i f f i c u l t  i f  no t  i m p o s s i b l e  w i t h  a two-  

s l i t  sys tem which r e q u i r e s  p e r f e c t  symmetry about  l i n e  c e n t e r  

i n  t h e  placement  o f  t h e  two s l i t s ,  In o u r  s imple  system wi th  

a bandpass of  0.02A f o r  the  Fabry-Pero t  e c h e l l e  combinat ion 

we t y p i c a l l y  r e c o r d  f o r  t h e  s p o t  continuum 1,000 counts / second 

w i t h  t h e  magnet ic  a n a l y z e r  i n  p o s % " t i o n  and an e n t r a n c e  ape r -  

t u r e  of 2 seconds of  a r c  (50  micron e n t r a n c e  and e x i t  pdnhole 

a p e r t u r e s )  

0 

The magnet ic  a n a l y z e r  c o n s i s t s  of  a K D * P  (KD2P04) c r y s -  

t a l  w i t h  80% t r a n s m i s s i o n  over  t h e  wavelength range  4000 t o  

13000i  and a half-wave v o l t a g e  of 4 . 0  Kv a t  h 5 0 0 0 .  I t  thus 

can a c t  a s  a qua r t e r -wave  o r  half-wave p l a t e  over  a wide wave- 

l e n g t h  r e g i o n .  I t  i s  fo l lowed by a Glan-Thompson prism, which 

a c t s  as  an a n a l y z e r  a t  45" t o  t he  K D * P  p l a t e .  The complete  

magnetometer t r a n s m i t s  about  25% of  t h e  s u n s p o t  beam i n t e n -  

s i t y .  Both a r e  p l aced  immediately i n  f r o n t  of t h e  s p e c t r o g r a p h  

o p t i c s ,  j u s t  behind t h e  e n t r a n c e  pa'nhole,  t o  e l i m i n a t e  t h e  i n -  

s t r u m e n t a l  p o l a r i z a t i o n  due t o  t h e  s p e c t r o g r a p h  i t s e l f .  
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For t h e  measurement of c j r c u l  a r l y  p o l a r i z e d  components 

t h e  v o l t a g e  t o  t h e  KDP c r y s t a l  w i l l  o s c i l l a t e  a t  a f r equency  

of a b a u t  15 c / s e c  t o  minimize t h e  e f f e c t s  of t r a n s p a r e n c y  

f l u c t u a t i o n s .  The d i f f e r e n c e  coun t  between l e f t h a n d  and r i g h t -  

hand c i r c u l a r l y  p o l a r i z e d  l i g h t  w i l l  be r eco rded  a t  each wave- 

l e n g t h  passband.  

In  o r d e r  t o  measure t h e  l i n e a r l y  p o l a r i z e d  l i g h t ,  t h e  

Glan-Thompson prism w i l l  r o t a t e  a l s o  a t  abou t  15 c / s e c  a n d  

t h e  r e s u l t i n g  a c - s i g n a l  w i l l  be r eco rded  by a p u l s e c o u n t e r .  

Under c o n s i d e r a t i o n  a r e  a l s o  broad and narrow band d e p o l a r -  

i z e r s  t o  e l i m i n a t e  r e s i d u a l  p o l a r i z a t i o n s  i n  t h e  g l a s s  sur- 

f a c e s  of t h e  p h o t o m u l t i p l i e r  t u b e s .  

A complete  d e s c r i p t i o n  of  t h e  g e n e r a l  i n s t r u m e n t  w i l l  

appear  i n  Applied O p t i c s ,  


